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AN ANALYSIS OF S O M E  FREE-AIR OBSERVATIONS IN THEIR RELATION T O  PRECIPITATION 

Ry v. E. J h K L  

In a previous paper by the writer a few diurnal scrim 
of free-air observations were reprodutrcd gra.phically t o  
illustrate the time-altitude changes in teiiiperature t ic-  
companying pronounced clianges in temperature ut the 
surface. Since then iiia.ny ~iiore series of observat,ions 
by means of kites have become available, and an eswiii- 
nation of these has been made with a view to select,ing 
such as would be appropriate to the study of ch:tnges 
in free-air conditions leading up to rain or snow. The 
criterion for deciding which series would be suitable for 
reproduction was simply t.lint. the ohserrutions should 
estencl to about 3,000 met,ers or iiiore in a.lt,it.urlc. and 
that they should be iminediately or \-cry soon folli w e d  
by recipitation. 4 ie  purpose of tliis stutlg was to wrrttlnte t,lit. sequence. 
of temperatmure changes--und incitlcn tally! of coursr, 
changes in other recorded elc.iient.s--witli t.lic:i foiini\.tion 
of precipitation. It has h e n  thought helpful in int.rr- 
preting the. gra lu to consicler them sepal-ate.ly by t y p .  

and during the occurrence of precipitation, and t ie posi- 
tion of the precipitation area with respect t,n t,he surround- 
ing pressure clistributzion. Briefly, the types in this 
respect are those given in a prc?liminary pilper on this 
subject by the writer,’ and are as fohlows: ( 1 )  With 
east,erly and nort,heasterly surface winds-tlirrefore in 
the northern portion of 8 LOW area, or to t,he nort,li of t.lic. 
nearest low pressure center; (3)  with northwest,erly sur- 
face winds, or in the rear of LOWS or front of 111aHs; (3) 
in the re ion of wind shift lines-ordinarily t,he soutb 

southeast and east portions of a tom. 
Observations suitable for this st.utl>- comprise only a 

small portion of all the observations macle, the rensms 
being as follows: Bite flights w e  seldom deliheratel>- 
made duriiig the prevalence of rain or even when rain is 
imminent, and never when thundcrstornis threaten? owing 
to the danger of destruction of kites and inst.rument in 
the former case, and additional danger of injury t,o per- 
sonnel in the lattw. During snowstornis there is or& 
narily no dan er of accident or injury, but ns ~t rule 

beginning of snow, or, w en snow is Falling, tvo de1a.y 
startin the flight until after the snow- has ended. owing 
to the f act that hioher fliolits a.re possible in fair weitther. 

Records suitabfe for 81;s study are therefore lar ely 

preci itation, or in sollie cases, of series of flights in 

Notwithstanding h e s e  difficulties, the accumulation of 
records during the past few years offers the choice ot 

I accordii?g to t E e direction of the sqfnce  wind iricir t,o 

portion o f LOWS; (4) with general southerly winds, ur the 

f observers pre P er to coni ,ete their flio1it.s before t.lx 

the fortunst,e outcome of series of flights teiminzt.ec k h>- 

whit % the final fliolit WM nctually overtaken by storin. 
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quit>r. it number i d  instructive series of freeyak observa- 
t.ions rc1nt)ed to the occurreiicc of precipitation. 

Smie esplanahm is also appropriate here as to the 
iiiea.ning of diurnal series.” Apa.rt from the ordinar 
rinitinp a t  kite stat.ions of making a sinde flight eac 
clay to  as high tin altitude as possible, prograni of 
wc.irli inchdcs the making of ti, series of obuervahns at  
cwasional int.croaLs during t.he year when weather and 
wind perinit,. These 0bservat)ions consist of a succession 
of kite flights. one iniinediately following another, until 
ahout. right flights or so nre made covering L period 
~ i s ~ i d l y  extending from t.he morning of one (lay tu the 
afternoon of  t.hr nest. Sometimes t.l.iese atteiii ted 
wries are tenninated aft,er only a few flights 1mve L e n  
obtainrrl, on acc?~JUIlt of threatening went,her or dimin- 

roduct.ion of the 

g 

possiIJe t . y p  of precipit,ation occmring in the United 
Stat,es. 1 his papg,  nioreovet’, necessarily deals only 
wit,li the middle sedons  of the country, particularly the 
cent,ral portion, where, of all sections laving priiiiary 
uerolngirul stations, f ree-sir work has been carried on 
longest and moat. int.ensively. Furtherniore, the discus- 
sioii does not, pretend t.o be a rigid analysis of the free-air 
processes nt.t.ending precipitation. It is a presentation of 
sonic of t,liese series of obserntions in ‘’ ic,turized ” form, 

has fe r t conipet.rnt to make. 
No att,enipt, has been macle to interpolate t’he t.empera- 

t.ures n t  thc various akitudes with a view to making the 
alt.itude curves represent synchronous t>emperatures from 
t,lie surface bo t.he highest observation. In other words, 
t,he teniperatures hnve been plott,ed a t  their respective 
nlt.it,ucles without regard t,o time. 

I t  had been hoped that charts of sea-level pressure 
would be available to accompany all these graphs, thereby 
helping t.0 T-isualize the conditions they are intended to 
portray. It was found, however, that in only a few 
inst.ances have the times of regular obserration, on which 
t.he weat,lier ninps are based. coincided. even roughly, with 
t.he t.imes of freo-air observation and pr+pitation. 
Where these requirements of approsimate simultaneity 
have been met!? charts have been reproduced in connec- 
tion with the graphs to which they refer; in the other 
cases it, is t,hought that t.o reproduce them would.seii-e no 
useful purpose. In t,his connection it, may be pointed out 
that charts appropriate to Figure 4 are gven in consider- 
able detail in an ncticle relating to the same storm that 
upiwarecl in an earlier number of thc REVIEW, reference 
t.o wliirh is macle in t.he t,est pert.aining to that graph. 

(!omparison of free-air observations from statlons 100 
to 300 iniles npart aould be very interesting were such 
urailablc. The distance between stations is, however, 

r ,  

ac‘coiii nnied by such interpret.ation of t. P ieni as the writer 
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never less than 300 miles. Hence no useful comparisons 
can be made between those few observations which 
weather conditions at  two or more stations permitted to 
be made simultaneously. The different graphs wil be 
considered in grou s in the numerical order of the types 

(1) The series of January 27-23, 1916, the graph for 
which is shown in Figure 1, is cited to show an apparent 

into which t,hey fa P 1. 

. .- 

_.. . .. -. .. . -- -- 

FIG. l.-&qnenca of frFair conditions at Drexel, January W-D, 1916. Dotted lines 
at top of cloud area rndkate that cloudiness extended to unknown height beyond 
upper limits of observation. Upper 5gure shows sea-leFel pr6scura at 7 a m., nine- 
tieth meridian time, January 28, and freeglr winds over Drexel at approumately 
corresponding time 

exception to the general rule that inversions are associated 
with drier air than that immediate1 below. Owing to 

determinations of surface humidity from whirlin psy- 

basis for reading free-air humidities recorded aloft, are not 
in this case reliable. Therefore humidities have not been 
entered on the graph exce t in the later fliglibs of the 

clouds gave a saturation record as a reliable base of 
reference. 

Considered in connection with the pressure distribu- 
tion, which showed higher pressure north of D:exel, this 
series of observations apparently re resents ?n idenl case 

the low temperatures that prevaile B at the surface, the 

chrometer observations, which usually form the re H erence 

series, where exposure of t 5 le kite instrument to dense 

of “warm-front ” Drecimtation. Ip owever, in this case 

throughout which a lapse fate somewhat less than the 
moist adiabatic for the existing temperature .prevailed. 
No important chnn e in temperature is shown in the ver- 

ing of the 28th, but it is apparent from the 

the upper levels changed to southerly. If, from the facts 
presented, one is disinclined to attnbute the snowfall to 
it “ warm-front ” process, an alternative explanation is 
possible by supposing that the lapse rate above the inver- 
son eventually became sufficient to cause vertical con- 
vection. This supposition is given credence by the fact 
that the snowfnll was light until after the last fight, the 
snow havin begun a t  1.30 a. m. and ended about mid- 

northeast and the pressure fell to about 6 a. m. of the 

t.ical column from t % e morning of the 27th to the morn- 

clouds and precipitation formed soon after t gaph e wind that in 

night on t a e 3Sth. Since the surface wind remained 

.--‘-?o.o June 12. 1917 - p.m. v Surface NNE 

25.0. 
SURFACE 5-#d 

4 P m  

-- 

FIG. P.--Scquenca of free-alr conditions at Drerel June 12 1817. Upper figure ahowa 
m., ninetieth meridian h e ,  June 12, end h‘e8-air whd8 over sea-level pressure at 7 

Drexel at approxima& carreaponding time 

29th, i t  is apparent that the wmd turned clockwise with 
altitude during the time that the snow fell. 

Figure 2 is a graph of the series of three flights of June 
12, 1917, showing free-air conditions up to about three 

clouds were obseeed in that ortion of the hours before precipitation began. The wind veered with 
air column extendmg P eve1 upwards altitude from northeasterly on the ground to southwest- 
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above 1,250 
meters in the last flight; also by risin pressure and the 

northwest soon after precipitation began. 
fact that the surface wind changed 7 roni northeast to 

CPerAX I #RE..z*c S7s --- IJ- - 

FIG. 3.-Sequenee of free-air conditions at Drexel. December 11-12, 1917. Dotted lines 
at top of cloud BTCB indicate that cloudiness extended to  unknown height beyond 
upper limits of observation 

A statistical study of changes in direction with alt.ibude 
for the United States by C. LeRoy Meisingcr," shows that 
in passing from the front to the rear of a LOW through 
the northern quadrants, the change froin clockwise to 
counterclockwise turning with altitude is found on the 
merage in that portion of the LOW where the surface 
wmds are northeast. Precipitation in this north portion 
of LOWS therefore occurs with both kinds of turnin and 
often with both kinds in the same storni, in theyatter 
case veerin with altitude being followed by backing with 
altitude. 6 n  June 12, 1917, precipitation did not begin 
at Drexel until the change to count,erclockwise turning 
with altitude took place. It will be noted that there was 
a rapid rise in alt,itude of the inversion that first became 
evident as a slight interruption of the lapse rat.@ at about 
1,500 meters. Kites do not show fine distinctions in 
wmd directions, but the observed change in directiun 

crease in the lapse rate resulted as the inversion rose and 
the temperature fell in the northeasterly winds below. 
This ap ears to be a further reason why no precipitation 

northeasterly to northwesterly winds. 
occurre B until pressure rose attended by underrunning 

J Meisinper, C. LeRoy. The Pre ation and Signl5eance of FreeAir Pressure Maps 
for the Central and Eastern Uni&tatea, Ma. WEATHER REV. SUPPLSYSNT No. 21. 

The series of December 11-12, 1917 (fi . 3) shows the 

near the ground chan ed from southerly to north and 

body of the H i m  to the northwest simp1 displaced the 

winds remained about west. Such light precipitation as 
occurred was apparently due to the stratus cloud forming 
a t  the top of the northeast wind as a result of turbulence 
and mixt.ure with the previously warmer air of south 
component. This vertical structure of the air is typical 
of free-a.ir conditions att.ending t.he approach of cold 
waves.' 

The series of February 11-12, 1919 (fig. 4), is another 
illustrration of the conditions preceding precipitation 
oc.curring with northeast surface wind and southerly 
wind aloft. The surface wind became northeast when 
precipitation b e p n  thrce hours after the end of the last 
flight, and remained northeast throughout the 13 hours 
during which precipi taation occurred w t h  falling pressure. 
It win be noted that a niarked inversion began in the 
lower levels as soon as the winds changed to a general 
southeast>erlg direction froni tho previous southwesterly 
direction soon after 1 a. m. This inversion was due to 
slowly rising temperature above and rapidly fallin 

inimediat.ely above, but no discontinuity in wind direc- 
tion, indicat.iiig t.hat the southeast wind below the in- 
version, wit.11 its atbendant cloudiness, had a different 
source from t,he southeast wind at  and above the inver- 
sion. The falling tomperature evidently had its origin 
east or northeast of Dresel, while the rising temperature 
and low humidity a t  and above the inversion a t  1,600 
meters can be attributed to continued inflow from 
regions far to the south or southwest. Subsequent 

conditions attending a very light sno 2 all when wind 

northeasterly. The co 9; d northeasterly winds from the 

southerly winds a t  the lower levels, w E ile the upper 

temperature l>elow. The last altitude gra h shows a f a i  
in temperat,ure at  about 1,200 meters wit Yl an inversion 

observations are confined to the surface and show that 
the wind backed to northeast and temperature and 
pressure fell. 

-4n analysis of this LOW, which caused widespread 
recipitation, was made by the late Dr. C. LeRoy 

beisin er (The Great Cyclone of Mid-February, 1919 
Mo.  EATH HER REV., October, 1920, 48: 552-586); 
his ex lanation of the cause of the attendant precipi- 

cold front" theory. In view of the fact that most of 
the recipitation a t  Drexel in this storm occurred with a 

tation $ eing based on his acceptance of the "warm and 

nort g east surface wind and falling pressure, this explans - _ - ~  
4 Mo. WEATHEB REV., June, lQlQ,8: 387473. 
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t.ion appears plausible. However, as in the case. of 
January 27-28, 1916 (fig. l ) ,  an additional esplnnation 
appears jusbified t.0 the effect t,hat precipitation was 
caused by a moist adiabatic gradient resulting in the 
upper levels where southerly winds revailed. sur- 

It should be not,ed in t-his connect,ion that precipitation 
began first on tlie eastern and southeastern sides of the 
LOW, where no “steering line” was apparent, and gradu- 
ally develo ed successively over the northern and west,ern 

mounted by cold southwest winds at  sti P 1 highcr levels. 

portions o P t,he LOW. 

SURFAC€ 

Flo. S.-Sequence of free-air conditions at prexel, October 26-27 1917. Upper Rgure 
shows sea-level pressure at 7 p. xn., ninetieth meridian time, Okober 26. and frcc-ai! 
NiLIdS over Drcsel at approsimatrly corresponding time 

(2) The series of four flig1it.s of October 36, 1917 (fig. 
5) shows the free-air conditions leading up to ancl follow- 
ing precipitation with northwest surface wind, 0.0s 
inch rain having occurred between the second and third 
flights. The second flight reveals an unbroken la sc 
rate, and, in the upper levels, generally higher humi 2 ity 
than in t,he first flight. This of course could not cause 
precipitation of consequence with tlie indicated wiiid 

directions, owing to their dry source. 
abrupt surge of cold northwesterly mnd  in the lower 
levels with ra id rise in pressure, as shown between the 

cipitation by underrunning, the change to northwesterly 

However, 

second and t P iird flights, was effective in causing pre- 

SUU.r..?CE f*s5 
PR€5SURf’ 

FIG. 6.-Scquence of Ires-sir conditions nt Drexel, hfsy 19, 1919. 
m’b. (9.0 

Dottedlines at tpp of 
rloud area indicate that cloudiness extended to unknown helght beyonc. upper Iimlts 
oI obwrvation 

coming in t,he lower levels more abru t,ly than in the 

low levels near the ground. 
The gra h of the series of four flights on May 19, 1919 

(fig. 61, s 7 iows condit,ions immediately preceding and 
following n light shower (between the second and thrd 
flights) where the winds were generally north to north- 
northeast up to 3,600 nieters altitude. As might be 
espect.ed from the circumstance of deep unidirectional 
winds of northerly component, only a small amount of 
precipitation (0.01 inch) occurred, notwithstanding 
that it was in tlie forni of a thundershower. The tem- 
perature-altitude curves show a diurnal rise near the 
ground and lower levels, and sustained low temperatures 
aloft. -4 lapse rate approaching the dr adiabatic 

ity, inade the column of air unstable. The pressure was 
stationary except cluring the prevalence of the thunder- 
shower, when a slight rise occurred accompanied by a 

u per. It will bc noted that t.he fa1 P in temperature 
0. R served ininiodiately aft.er the rain was greatmest in the 

result,ed, which in connection with strata of t igh humid- 

m y y  svmracr (”‘ PI - 

FIG. 7.--Sequencc of free-air conditions at Drexel, February 27-?.8,19ZJ 

clecided fall in surface temperature. Evidently a slight 
surae in pressure was required to produce underrunning 
sugcient. to cause precipitation. The strata of cloud- 
iness preceding the t,hunderstorm were transported from 
regions to the east and northeast, where precipitation 
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was already occurring north of a low pressure c.enter a 
few hundred miles southeast of Drexel. 

This underrunning in a northerly wind is well illustrated 
for a winter condition in the graph of the series of fliglit,s 
on February 27-28, 1920 (fig. 7). I n  this case, however, 
there was evidently insufficient lapse rate and moisture 
content in the northwesterly winds of upper levels bo 
cause recipitation, so that the trace of snow that did 

cold air, a process whici, owing to the radual extension 
of the rapid fall in temperature into aigher altitudes, 
formed a high lapse rate, resulting in turbulence and 
light preci itation. 

northerly to northwesterly wind associated with precipita- 
tion cover only three cmes, they stronglysuggest that when 
deep unidirectional winds occur from directions ranging 
from north-northeast to about west, but! little precipitat,ion 
can be espected, even in connection with thunderstorms. 
From the fact that considerable precipita.tion occurs, at 
least in the Middle West, with north com onent surface 

must enerall be associated with other directions aloft. 
(3)a"roni t i e  fact that most of this class of precipi- 

tation is attended by thunderstornis, free-air ohserva- 
tions under t,hese conditions, particularly diurnal series, 
are almost entirely limited to periods preceding or follow- 
ing occurrence of precipitation. I n  the series of March 
30-31, 1921 (fi . S), no stron lapse rate is apparent in 

inversion layer. Instead, there occurred a gradual 
veering of the up er winds from southwest,erly to westerly, 
and, until after t t e 3 a. m. flight, a rise of humidity whic.11 
in general occurred a t  progressively lower alt.itudes. 
The last curve prior to the he, of preci itation 
(3 a. m.) shows that the wind%:$f at  all nKitndes, 
though principally near the ground, and that t,he fall in 
tempemture in the lower levels (below 2,350 meters) 

occur P ormed at  the to of the underrunning stratum of 

While t E e preceding examples of the conditions in a 

winds,5 it is apparent that such cases o f precipithon 

the upper leve P s above the c f  iurnal rise and fall in the 

SVRrAC€ #W .. 
UNSS 8.E mg {8A 

FIO. 8.-Sequence of free-a,ir cpnditions at Royal Center, March 30-31. 1921. Dotted 
lines at top of cloud area indimte that cloudiness extended to unknown height brbond 
upper limits of observatlon 

incidental to the veering of wind to the northwest re- 
duced the lapse rate to a small value. This curve shows 
northwest wind on the ground gradually backing to 
west-southwest aloft. The amount of preci itation was 
small (0.03 inch), emphasizing what has a P ready been 
brought out, viz, that at  least in the great majority of 
cases of northwest wind not much preci itation can 
occur unless there is a more or less abrupt s K ift above it 
to a southerly wind. 

8 MO. WEATHER REV., Janusry, lQ?! 51: .l8-22; also Uddcn. Apton D.. A St?tistiral 
r Air Conditions in Cyclone# and Anticyclones Passing over Study of Surface and U 

Davenport, Iowa, MO.%ATEER REV., February, 1923, 51: 55-68. 

The graph of Figure 9 shows the records of the upper 
air conditions in three fliwhts on Se tember 5, 1923, 

type, with abrupt change in wind direction to northerly 
at  and near the surface. The record of humidity and 
temperature below about 2,000 meters is missing in the 
last. flight, owing to the collapse of the instrument- 
carrying kite and consequent blurring of the record when, 
in the process of reeling down, the kites encountered the 
northerly underrunning current with its attendant stron 
wind and clouds. The gradual rise in humidity witf 

immediately preceding a Lower of t 5l e typical squall 

FIG. 9.-Seguence of free-air conditions at. Ellendale, N. Dag., Septembr 5, 1.923. 
Dot.ted lines at top of cloud srea,indicatr that cloudiness extended to unknown height 
hfxond upyt'r limits of observation 

altitude to 100 per cent in the upper levels where south- 
southwest to southwest wind prevailed, as shown in the 
last. curve of the graph, is evidently a prerequiSite to 
precipitat,ion of' consequence in an underrunrung or 
"wind shift line" condit.ion. A measurable amount of 
prec.ipit.ation did not occur until a few hours after the 
surface wind had changed to northerly from south. This 
wa.s undoubtedly due to the fact that a considerable 
depth of comparatively dry air intervened between the 
high strata of clouds in the soutrh-southwest wind and the 
underrunning northerly current near the ground. This 
column had a lapse of about 0.57' per 100 meters, pr 
chse to the dry adiabatic, and exceeding the moist 
adiabatic for the prevailing temperature. As the column 
of dry air was replaced to gradually greater vertical 
rstent by moister air and cloudiness through accumultG 
tion froni southern sources, an unstable condition super- 
vened, which needed only displacement by an underrun- 
ning colder current to cause the vertical convection 

where precipitatiqn oc- 
southerly component in the 

reproduced will be that of 
Drexel on November 8-9, 

(p. 1917 (fi . lo).  S n  this series a thunderstorm develo ed 
during t a e last flight before the kites could be reele in, 
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resulting in lightning strikin and destroying the steel 
kite line. The outstanding f eature of the series is the 
gradual uninterrupted rise in the height of the convection 
column, in which a dry adiabatic lapse rate with cloudi- 

. . . . . . .... .. . . . _ _  .. . . .. . 
-.J ... 

4500 

FIG 10 -Se.quencs of free-alr conditions at Drexel, November 8-8 1017. Dotted lines 
at' top of cloud area Indicate that cloudiness atended to unkAown height hcyonrl 
npper limits of observation. Up flgure shows sea-level pressure at 7 a. m.. ninetirt b 
meridian time, November 9, any free-air winds over Drexel at approximately w r e -  
spondlng time 

ness at the top, prevailed. From the fact that this 
occurred t h o u  hout the night it is obvious that tbe 

reasons other than effects of insolation at the surface. 
The record of wind direction shows that the top of the 
convection column rose because air from the HIGH to the 
east became replaced at successively himher altitudes by 
air which had recurved from the rear of t?m LOW. A rapid 
fall in pressure hro h t  about precipitation with a 

occurred with a southeast surface wind. 
The series of four flighh on October 21, 191Y, shown 

in figure 11, was made in connection with the advance 
eastward of a trough of low eressure that overlay the 
Rockc Mountain and Plains States on the morn ib  of 
that day. Hi h humidity and cloudiness prevailea in 

ciable change in temperature occurred throughout the 
vertical column of air during the course of the observn- 
tions. It is therefore apparent that conditions of humid- 
ity and cloudiness favorable for precipitation were 

maintenance o H this lapse rate must be attributed to 

thunderstorm, probab Y y by convergence, as the rain 

the upper leve f s from the early morning, and no appre- 

transported from regions to the south where precipitation 
was already occurring, but that the actual occurrence of 
precipitation over Drexel was delayed until the position 
of the advancing trough of low ressure caused con- 
vergence and underrunning. Tfis is shown by the 
record of surface wind direction during the 27-hour 
intermittent rainfall, the surface wind varying during 
that time from southeast, through south to southwest, 
and finally northeat. 

O x  21, :918 - p.m. v Surface SSE ---..'I 

FIG. 11.-Sequence of free-air conditions at Drexel, October 21. 1918. Dotted lines 3t 
top of cloud area lndlcate that cloudiness extended to unlinown helght beyond upper 
limits of observation. Upper flgure shows sea-level pressure at 7 p. .m., nlnetleth 
nieridien time, October 21. and free-alr wlnds over Drexel, at approumstely corre- 
sponding time 

The graph represent.ing the series of November 16-17, 
19% (fig. 12) shows for the first 12 hours a dry state of 
t,he nt.mospliere esstending to a considerable depth, and 
t.hereafter a rapid change to high humidity a.~ld cloudi- 
ness. It will be noted that the cloudiness began in the 
u per levels and spread to lower levels. Correlating these 
c P ianges in 1iuniidit.y with the ncconipanying changes in 
tern )crntiire, we find a condition somewhat t,he reverse 
of t.iat I shown on November.S-9, 1917, i. e., lowering 
of teinperature at progressively lower a.ltitudes atkending 
s backing of the wind from west-southwest to south- 
soiithwest, This change to colder accompanying a 
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change from westerly to southerly is contrary to what 
might be expected. Bowever, the explanation is to be 
found in the fact that precipitation occurred first to the 
south, and as the gradient changed to cause south- 
southwest wind, cloudiness and lower temperature were 

Nov. 17. 1922 - 2.m. v Surfaca SSVI '".-..J 

FIG. 12.-Sequenca of Iree-air eondltions at Drexel November 16-17 102% Upper 
fIgUre shows sea-level pressure at 7 a. m., nineti& meridian time,'November 17, 
and freealr wlnds over Drexel at approrlmately eorrespondlng time 

transported northward, first in the upper layers and later 
in the lower. The final result is a series of strata of cool 
damp or cloudy air, alternating with strata of relatively 
warm dry air. It is again found that precipitation began 
as soon as pressure started to fall decidedly. It is there- 

fore probable that the mere transport of air from regions 
where recipitation is occurring can not of itself cause 

fected. Whether such accumulation of cloude air is 
brought about in a deep layer having an unbroken lapse 
ratme, or in a series of relatively shallow strata consisting 
of alternate lapses and inversions in temperature, it is 
apparent that m neither case is precipitation of conse- 
quence possible until there occurs the pressure change 
necessary to bring about forced ascent of air. Tho case 
of this series compels the opinion that rain was caused 
neither by instability, inasmuch as there was no deep 
layer having strong lapse rate in temperature, nor by 
ascending a slope of discontinuity, since the wind direc- 
tions-were very nearly uniform with altitude. 

% other t fl an very light precipitation orer the re ion af- 

CONCLUSIONS 

A feature of these graphs is the fact that but few of 
them show any prominent differences distinguishin them 

is 
cons icuous even in cases where pronounced differences 

attached thereto would naturally be inferred. For 
essample, while the raph of November 8-9, 1917, is 

niea.iis typical of the general pressure situation in which 
it is classified; in fact it  is uite closely imitated by the 

I t  is obvious that the most important group differences 
shown by the graphs ertain.to seasons rather than to 

for this seasonal influence is easil understood by refer- 

larly for continental sections, seasonal peculiarities in 
the Yertical t,emperature gradienk are readily identified. 
While the division into types 1s nevertheless justified, 
the testimony of the graphs seems to be that by whatever 
processes precipit.nt,ion develops in a given .stason, the 
vertical structure of tem erature and humidity shows 

begins. 
The conclusion seems well founded that the various 

processes of precipitation formation ultimately resolve 
themselves into a free-air structure comprising strata 
of greater or less depth having lapse rates equal to or 
greater than the moist adiabatic rates for the prevailing 
temperatures. Notwithstanding this, consideration of 
precipitation ty es in connection with surface and f ree  

the subject, to the end that these types and their deve op- 
ment may be recognized on the weather maps. 

from the rest. This apparent lack of individuaity 7 
in t R e temperature-altitude curves and other data 

one of the most stri-ing f 
gra ,h of June 12, 1917, whic 1 portrays free-air conditions 
un d er a decidedly different situation of surface pressure. 

any other divisions, ar B itrary or. otherwise. The reason 

ring to t,ables of average free-air (9 ata, in which, particu- 

substant.ia1 simi1arit.y w 1 en the precipitation stage 

of the collection, it is by no 

K air conditions s R ould lead to a better understandin of 

A STATISTICAL ANALYSIS OF SOLAR RADIATION DATA 

By H. W. CLOWGE 

lWe8the.I Bureau, Waahington. D. C., September, 18251 

(Read 8t the Weahington meetlng of the Amerlcnn Meteorological Society, May 2,1925. 
Abstracted in Bull. Am. Met% 500.. July, 1825) 

amoms 

An attempt is made- to determine by h t i s t ica l  analysis the 
dezree of validity of the values of solar intensity derived from 
pyrheliometric or bolometric observations. Both correlation co- 
efficients and the mean dispersion of the data are employed. 
Certain physical relatione" are assumed to exist between errorless 
elements of data and constitute criteria for determining the validity 
of derived values. 

Numerous correlation coefficients between both the daily values 
and the monthly means of solar radiation elements at Mount 
Wilson are presented. A high negative correlation, averaging 
-0.55 to -0.60, between the apparent atmos heric transmission 
coefficient, a and the apparent solar constant, A)p, is a feature of all 
daily pyrheliometric data. This is known to be due to changing 
t,rmsparency between low and high sun observations. A similar 
high negative correlation both for daily values and monthly means 
esists between the solar constant, E 0 ,  and the transmission co- 
efficient. Since zero correlation should exist between these ele- 
ments, i t  is inferred that the derived values, E'o, are-afunction of 

A high negative correlation, -0.60, between the mean monthly 
values of E'o and An, is regarded as strong evidence of the unreality 
of the variations of the monthly values of-E'o. 

atmospheric transparency. * w. *' 


